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Purpose: Practical methods for detecting plasma leakage should be readily available in all areas where dengue is endemic. We
compared the accuracy of measurements obtained with a handheld HemoCue® Hb 201 instrument used for hemoglobin point-of-care
testing (Hb-POCT) with that of measurements of hematocrit (Ht) levels for detecting plasma leakage in dengue patients.
Patients and Methods: We performed both measurements using the HemoCue® Hb201 system and microhematocrit method on
EDTA blood taken from dengue patients at three time points during their hospitalization. Ascites, pleural effusion, or gallbladder
thickening determined through ultrasound examinations were considered the gold standard for determining dengue hemorrhagic fever
(DHF) versus dengue fever (DF).
Results: Close agreement between Hb-POCT and Ht measurements was indicated by an r square value of 0.845 in a linear regression.
The sensitivity results for distinguishing between DHF and DF at admission were similar for Hb-POCT (63.6%) and Ht (66.7%)
(Kappa = 0.75) using the optimal cutoff point determined via ROC analysis. Delta differences (in percentage) for Hb-POCT and Ht
between the highest and lowest values showed lower sensitivity (45.5% and 48.5%, respectively; Kappa 0.60) when the optimal cutoff
point was applied. Recommended cutoffs of ≥20% to confirm plasma leakage provided a slightly higher sensitivity using Hb-POCT
(18.2%) compared with the sensitivity obtained using Ht (15.2%) with Kappa value of 97.9%.
Conclusion: Our results showed that the accuracy of Hb POCT measurements was similar and not inferior to Ht measurements for
detecting plasma leakage in patients with DHF. We recommend that further evaluations are conducted to determine the optimal cutoff
point given the low sensitivity associated with using ≥20% Hb-POCT or Ht increases to determine hemoconcentration.
Keywords: DHF, HemoCue®, hemoglobin, sensitivity, hemoconcentration

Introduction
Although dengue is one of the most important arboviral diseases in the world,1 its pathophysiology is not well
understood.2 Clinical manifestations vary from mild common cold-like illness to severe dengue hemorrhagic fever
(DHF) and life-threatening dengue shock syndrome caused by plasma leakage. Temporary dysfunction of endothelial
cells in dengue infection increases vascular permeability, releasing plasma into extracellular spaces. This phenomenon is
evidenced by increased concentrations of blood cellular components measured by hematocrit (Ht) levels. In severe cases,
plasma volume decreases by more than 20% and pleural effusion and hypoproteinemia occur.3,4

The primary management strategy of dengue fever (DF) entails early detection of plasma leakage and fluid
replacement for patients in hypovolemic states. It is well established that increased Ht levels indicate plasma leakage,
prompting patient referrals for fluid replacement therapy.5 Given the importance of Ht measurements in decisions on the
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use of this therapy, this test should be readily available in all primary health-care clinics that are accessible to
communities in countries where dengue is endemic. However, Ht tests require a well-running centrifuge or
a sophisticated hematology analyzer and are not always available in primary health clinics.

Hemoglobin (Hb) measurements usually reveal the presence of anemia. Logically, like Ht, they also reflect red blood
cell concentrations. Hb and Ht are reported to be significantly correlated.6 Moreover, many more affordable mobile
options for measuring Hb are available, such as the HemoCue® Portable Photometer. HemoCue® is a Hb point-of-care
testing (Hb-POCT) instrument that is available in many remote health centers and can be used in a patient’s home. It is
one of the most widely used instruments for measuring Hb in resource-limited settings, notably in mother-child health
programs and blood donation centers.7,8 Studies have reported satisfactory results that are consonant with those obtained
using automated hematology analyzers as well as adequate inter- and intra-instrument reliability.9,10 Nevertheless,
Hemocue® and the usefulness of Hb as an indicator are not mentioned in the WHO guidelines for treating dengue.5

Therefore, we aimed to determine whether Hb testing using HemoCue® demonstrated a good correlation and was not
inferior to Ht testing for detecting hemoconcentration or plasma leakage in dengue patients.

Materials and Methods
We conducted a prospective diagnostic assessment from January to June 2015 in three hospitals in Bandung, Indonesia.
Eligible subjects were hospitalized patients aged 14 years or above with a dengue diagnosis confirmed through NS1
dengue and IgM and IgG anti-dengue rapid tests. Blood was drawn from each patient upon enrollment and subsequently
at two time points: the critical phase and the day of hospital discharge. We applied the WHO (1997) categories for the
clinical phases of dengue. During the critical phase, we looked for pleural effusion, ascites, or increased gallbladder
thickness of more than 3 mm, which are the gold standards for determining plasma leakage, using mobile ultrasound.11

Following a previous study,12 we performed RT-PCR and serotyping on acute specimens.
The microhematocrit method13 was used to measure the amount of Ht (in %) in the patients’ EDTA blood samples

within 2 hours of collection. Hb in the same EDTA blood samples was measured (in g/dl) using the HemoCue® portable
photometer (Hb-POCT) following the manual’s instructions.13 The HemoCue® Hb 201 (HemoCue AB,Ängelholm,
Sweden) comprises disposable micro cuvettes that contain a dry form of the reagent and a photometer designed for
a single purpose. The description of the reaction occurred within the test and operational procedure of the test was in
accordance with the operational manual.13 Examination of Ht and Hb-POCT was conducted on the first day of
hospitalization and then daily until the recovery phase. Ethical approval for this study was obtained from the ethics
committee of the Faculty of Medicine at Padjadjaran University (approval no. 04/UN6.C2.1.2/KEPK/PN/2014). All
procedures followed were in accordance with the ethical standards of the Helsinki Declaration. All study participants
provided written informed consent. In patients aged 14–18 years, a parent or guardian provided informed consent with
written assent by the child.

Distribution similarities between Hb-POCT and HT were first determined using Pearson’s correlation coefficient and
a simple linear regression analysis. Next, we ascertained the grouping of patient as dengue hemorrhagic fever (DHF) or
dengue fever (DF) using ultrasonographic findings of plasma leakage. The DHF versus DF groups were further described
and utilized as the gold standard for determining accuracy of Hb-POCT and HT tests.

We applied three definitions to determine hemoconcentration obtained through Hb-POCT and Ht testing. First, we
used the test results at the time of hospital admission and decided that hemoconcentration was present if Hb-POCT and
Ht show higher value than the optimal cutoff point as determined by their receiver operating characteristics (ROCs) with
the Youden’s index.14,15 Second, we used the delta values of Hb-POCT and HT gathered during admission and follow-up
tests. These values were calculated by subtracting the highest to the lowest value divided by the lowest values (presented
in percentages) of Hb-POCT and HT observed during hospitalization. Hemoconcentration is determined when the delta
value exceeds the optimal cutoff point as informed by ROC analysis.15 Third, we deemed that hemoconcentration had
occurred if the delta value of each parameter increased ≥20% as defined in the WHO dengue guidelines.5 We then
calculated the sensitivity and specificity of Hb POCT and Ht based on each of these three definitions of hemoconcentra-
tion compared to DHF and DF category as the gold standard.13 Lastly, we analyzed the concordance of Hb-POCT vs Ht
sensitivity and specificity result using Cohen’s Kappa values.
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We calculated median and interquartile range (IQR) values for quantitative variables with a non-normal distribution
and arithmetic means and standard deviations for quantitative variables with a normal distribution, which were tested
with the Shapiro–Wilk test. A t-test was performed for independent samples with equal or unequal variations relating to
the Levene test result to compare two means. Frequencies of categorical data were compared with the Chi-square test. All
analyses were performed using the IBM SPSS Statistics (Version 23) predictive analytics software. A p-value <0.05 was
considered statistically significant.

Results
Table 1 shows the characteristics of 48 subjects who enrolled in the study. The majority of the subjects were male (65%),
and their mean age was 26.4 years (95% confidence interval (CI): 22.8–30 years). Dengue was confirmed through
positive NS1 rapid testing in 41 cases (89%) and/or IgM in 18 (60%) and/or IgG rapid testing in 16 cases (53%) of the 30
cases tested. Of seven cases with negative results or no NS1 testing, three dengue cases had RT-PCR positive results, and
four had suggestive clinical characteristics (Table 1).

We found gallbladder thickening in all 33 patients diagnosed with DHF; of these patients, 3 (9.1%) also had ascites, 4
(12.1%) had pleural effusion, and 7 (21.2%) had both ascites and pleural effusion. Patients with DHF have significantly
higher Hb-POCT and Ht levels at admission, and their delta values between the highest and lowest results during their
hospitalization (Table 1). Linear regression analysis shows strong correlation (R2 = 0.845, p < 0.001) between Hb-POCT
and Ht test results at admission with final Pearson’s coefficient of Ht = 8.94 + 2.3 Hb-POCT (Figure 1). This result points
out to the similarities of performance of Hb-POCT vs Ht in various operational values that they are supposed to tests.

Table 1 Characteristics of Observed Subjects with Plasma Leakage (Dengue Hemorrhagic Fever) versus
Those with No Plasma Leakage (Dengue Fever)

Variable (n = 48) DHF (n = 33) DF (n = 15) p-value

Sex, male 72.7% 46.7% 0.08c

Age (years), median (IQR) 21 (18–33) 20 (15–35) 0.68b

Fever day on admission, median (IQR) 4 (3–5) 4 (3–4) 0.53b

Dengue confirmation test

Positive NS1 Dengue Rapid Test 28/32 13/14 1.00d

Positive IgM Dengue Rapid Test 14/23 4/7

Positive IgG Dengue Rapid Test 13/23 3/7

Dengue Infecting Serotype
DEN1 2 0 0.40c

DEN2 3 1
DEN3 11 9

DEN4 3 1

Inconclusive PCR 14 3
Plasma leakage (by ultrasound)

Pleural effusion 11 0

Ascites 10 0
Gallbladder thickening 33 0

Hb POCT (gr/dl) (mean ± SD)

On admission 15.6 ± 1.6 14.4 ± 1.3 0.01a

Increased Hb (Delta) (%) 11.77 ± 9.1 7.96 ± 5.1 0.13a

Ht (%) (Mean ± SD)

On admission 45.1 ± 4.2 41.5 ± 2.7 0.001a

Increased Ht (Delta) (%) 12.18 ± 8.39 7.66 ± 4.93 0.02a

Notes: Categorical data were presented as percentages. Continuous variables were presented using means (with standard deviations).
Differences between groups were analyzed using aUnpaired t-test, bMann–Whitney test, cChi Square test, dFisher Exact test. A p-value <0.05
was consider significant.
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The AUC of Hb-POCT at admission was slightly lower than that of Ht (0.712 vs 0.746 respectively; Table 2), but the
difference was not significant (p = 0.365). Our analysis revealed that the optimal cutoff points for Hb-POCT and Ht at
admission were, respectively, 14.9 gr/dl and 43%. According to these cutoff points, at the time of admission, Ht
measurement had slightly better sensitivity (66.7% vs 63.6%) and slightly better specificity (80.0% vs 73.3%) in
detecting plasma leakage compared with Hb POCT, but the difference was not significant. These non-significant results
indicated that Hb-POCT performed similarly to Ht testing in detecting plasma leakage. With this level of sensitivity, we
missed 12 out of 33 (36%) cases with Hb-POCT and 11 (33%) with Ht test for detecting DHF cases (Table 2).

The AUC values for delta Hb POCT and Ht were 0.615 and 0.643, respectively, in the ROC analysis (p = 0.705). The
optimal cutoff points for delta Hb-POCT and HT for determining plasma leakage were 10.3% and 10.8%, respectively.
These cutoff points indicated slightly lower values for sensitivity and specificity of delta Hb-POCT measurements
compared with delta Ht (45.5% vs 48.5% and 80.0% vs 86.7%, respectively), but these differences were not statistically
significant. With this level of sensitivity, we missed 18 (54%) cases when using Hb-POCT and 17 (51%) with Ht test for
detecting cases with plasma leakage (Table 2).

Using the WHO suggested cutoff values of ≥20% to confirm plasma leakage5 resulted in a very low sensitivity for
detection of plasma leakage. The Hb-POCT shows slightly higher sensitivity of 18.2% relative to Ht of 15.2% but
without statistical significance. With this low level of sensitivity, we can only diagnosed 6 (18%) cases when using Hb-
POCT and 5 (15%) with Ht test as having DHF (Table 2). Similar accuracies of Hb-POCT and Ht in determining plasma
leakage show that these tests have comparable performance.

We also found that Cohen’s Kappa values for Hb-POCT and Ht were highly consonant using the optimal cutoff points
at the time of admission with 87.5% agreement (Kappa value of 0.75; 95% CI: 0.56–0.94). Determination of plasma
leakage of Hb-POCT versus Ht using delta values at optimal cutoff points showed 81.3% agreement and a Kappa value
of 0.60 (95% CI: 0.37–0.84). A delta value of ≥20% resulted in 97.9% agreement and a Kappa value of 0.90 (95% CI:

Figure 1 The correlation between hemoglobin-point-of-care testing and hematocrit tests calculated using a simple linear regression.
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0.70–1.00). These high Kappa values and agreement levels indicated similar performances of Hb-POCT and Ht testing in
determining plasma leakage.

Discussion
In light of our findings, we concluded that the accuracy of Hb-POCT is similar and not inferior to that of Ht testing for
determining hemoconcentration in dengue patients. To the best of our knowledge, this is the first study to demonstrate the
value of a handheld hemoglobinometer in diagnosing plasma leakage in dengue patients with reference to ultrasound
findings. HemoCue® is one of the most widely used handheld hemoglobinometers for measuring Hb in resource-limited
settings. It is relatively inexpensive, portable, does not require a cold chain, and produces a result within a minute.16

Moreover, it is widely used within mother–child health programs and at blood donation centers.7,8

The characteristics of subjects in the DF and DHF groups were similar, although there were more males and older
subjects in the DHF group. Dengue infections were confirmed mostly by positive NS1 and PCR, while in four cases,
dengue diagnoses were made based on suggestive clinical manifestation. The proportion of patients with plasma leakage,
as determined through ultrasound examinations, was high, probably because of the broad definition that we used to define
plasma leakage. Hb and Ht measurements were generally less sensitive than ultrasound for detecting plasma leakage.11

Our findings endorse the value of ultrasonography applications within clinical and research settings.
Although they demonstrate less sensitivity compared with ultrasound, Hb-POCT and Ht testing can potentially be

used to detect hemoconcentration as a proxy for plasma leakage. Our results supported those of a previous study that
revealed a strong correlation between Hb and Ht measurements.6 Thus, lower Hb levels are linked to lower concentra-
tions of red blood cells and plasma leakage. Our Kappa values and correlation coefficients showed that Hb measurements
obtained using a handheld POCT device were similar to those obtained through Ht testing. Using the suggested cutoff
point, we found that the sensitivity of Hb-POCT and Ht values at the time of admission (63.6% and 66.7%, respectively)
were more sensitive than the delta values between the highest to the lowest values obtained during hospitalization (45.5%
and 48.5%, respectively), with no significant difference in specificity. We believe that Hb-POCT and Ht measurements at
the time of admission can be reliably used for making referral decisions or providing fluid treatment. The sensitivity of
both Hb-POCT and Ht appeared to be very low when using cutoff values ≥20% increase in value as recommended by the

Table 2 Accuracy of Various Methods for Assessing Hemoconcentration Using Optimal and 20% Increase Cutoff Points to Detect
Plasma Leakage

Cutoff DHF
N = 33

DF
N = 15

Sensitivity
(%)

Specificity
(%)

AUC (95% CI for
AUC)

At admission with optimal
cutoff
Hemoglobin-POCT >14.9 gr/dl 21 4 63.6 73.3 0.712 (0.563–0.834)

≤14.9 gr/dl 12 11

Hematocrit >43% 22 3 66.7 80.0 0.746 (0.600–0.861)
≤43% 11 12

Delta value using optimal
cutoff
Hemoglobin-POCT >10.3% 15 3 45.5 80.0 0.615 (0.464–0.752)

≤10.3% 18 12
Hematocrit >10.8% 16 2 48.5 86.7 0.643 (0.492–0.776)

≤10.8% 17 13

Delta value using 20% cutoff *
Hemoglobin-POCT ≥20% 6 0 18.2 100 Not applicable

<20% 27 15

Hematocrit ≥20% 5 0 15.2 100 Not applicable
<20% 28 15

Note: *WHO criteria 1997.
Abbreviations: DHF, dengue hemorrhagic fever; DF, dengue fever; AUC, area under curve; CI, confidence interval.
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WHO.5 Therefore, we suggest that when repetitive measurements of either Hb-POCT or Ht consistently increase even if
it has not achieved >20%, health-care workers should assume that hemoconcentration is already present.

Our results support those of previous studies indicating that Hb is adequate for detecting hemoconcentration.17–19

A previous study found that measuring Hb with HemoCue® using venous blood yielded a high level of accuracy
compared with the accuracy of results obtained with a hematology analyzer.8,9 Another study also proposed calculating
the increase in delta Hb values to detect plasma leakage.17 Beyond the good performance of Hb to detect hemoconcen-
tration as reported, our study can also conclude that determination of hemoconcentration of Hb-POCT or Ht at admission
compared to the optimal cutoffs did show better sensitivity than using delta values to detect plasma leakage.

This study had several limitations. First, although we recruited subjects from three hospitals to improve general-
izability, the total sample size was small, which meant that we could not adjust our results relative to various
confounders, such as sex and age. Additionally, we did not blind the Ultrasound process of determining plasma leakage
because the operators were the clinician attending the patients. To compensate for this limitation, Hb-POCT and Ht
results used in this analysis were only informed to the research team at the end of the study process.

Conclusion
Our study showed that the accuracy of the Hb-POCT measurement was similar to that of Ht in detecting plasma leakage
in dengue-infected subjects. Therefore, we recommend that this test be prioritized along with the NS1 dengue test for
first-level care at clinics where Ht and a complete hematology analyzer are unavailable. Hb-POCT is also easy,
convenient and provides a quick result which is essential in the management decision of Dengue patients. Because of
the low sensitivity of both tests in detecting plasma leakage, we recommend using a lower cut-off point for Hb-POCT and
Ht to obtain early indications of hemoconcentration in dengue patients. Further studies are needed to determine
appropriate cutoff points differentiated by sex.
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